ABSTRACT. Antigens were identified from the third-stage larvae (L3) and lung-stage larvae of Ascaris suum by two-dimensional immunoblot method with antisera obtained from pigs that received chemically abbreviated Ascaris suum larval infections. Forty-seven and 13 spots were recognized as antigens from the L3 and lung-stage larvae, respectively. Their apparent molecular weight ranged from 20 to 101 kDa and their isoelectric point from 3.6 to 8.0. The present study provides a framework for further molecular cloning of those antigens and consequently leads to the development of recombinant peptide vaccines against A. suum. KEY WORDS: Ascaris suum larval stage antigen, pig immune sera, two-dimensional immunoblot.
Ascaris suum is one of the most prevalent swine helminths and is responsible for endemic damage on a global scale. Previous studies have shown that pigs can elicit protective immune responses to A. suum challenge infections either by immunization with attenuated infective larvae from eggs [18] or by chemotherapeutically-abbreviated infections [13, 14] . In addition, the components derived from the third-stage infective larvae (L3) and the larvae developing in the lungs (the lung-stage larvae) have also been successfully used to induce resistance to challenge exposure in various kinds of animals [5, 10, 16] . Therefore, these stages of larvae are considered to be sources of protective antigens against the challenge infection with A. suum. We previously identified the surface proteins of the L3 and lung-stage larvae of A. suum as a single molecule by biotin labeling combined with two-dimensional polyacrylamide gel electrophoresis. The immuno-reactive antigens were also identified by two-dimensional immunoblot analysis with sera from rabbits repeatedly inoculated with A. suum L3 [7] . In the present study, we identified immuno-reactive antigens using sera from pigs immunized with A. suum L3.
Adult A. suum used in this study were originally derived from infected slaughtered pigs. Eggs and larvae were obtained essentially as described previously [7] . Briefly, the eggs were collected from culture fluid containing both female and male worms, incubated at 25°C for 28-32 days and aerated daily by stirring until more than 90% of the eggs had become fully embryonated containing L3. L3 were forced to hatch out of embryonated eggs by disruption of the shell wall using glass beads and separated from shell fragments by filtration through cotton wool. The lung-stage larvae were obtained from the lungs of rabbits 7 days after inoculation with 2 × 10 5 embryonated eggs of A. suum. The lungs removed were minced, wrapped with cotton gauze and immersed in phosphate buffered saline, and the larvae migrated from the tissue into the medium were collected from the bottom after incubation. The larvae recovered were confirmed under a microscope not to contain L3 based on the morphological features of lips and body length. Extraction of parasite proteins and two-dimensional immunoblot were carried out as described previously [7] . Sera were obtained from the pigs repeatedly infected with A. suum L3 under anthelmintic medication (drug-abbreviated infections) following the studies by Stewart et al. [14] and Stankiewicz et al. [13] . Five female specific pathogen-free pigs used in this study were crossbred (Whitelarge × Landrace × Duroc) at 6 weeks of age. Pigs were inoculated orally with 2 × 10 4 , 1 × 10 5 , 1 × 10 5 and 1 × 10 5 eggs/head every 2 weeks. Medicated feed containing 3 mg/kg fenbendazole (Meiji Pharmaceutical Co., Ltd. Tokyo, Japan) was given to the infected pigs on days 6 to 8 after each inoculation. The pigs were bled and necropsied on day 14 after the final infection. No worm was recovered from the gut of the immunized pigs and no milk spot lesion was observed in the liver. Sera collected from the pigs were stored at -20°C until use. Two-dimensional immunoblot analysis was performed in the same manner as described previously [17] . The pig sera were used at a dilution of 1:200. Alkalinephosphatase conjugated protein A (Zymed Laboratories, Inc., San Francisco) was used as the secondary antibody at a dilution of 1: 1,000. The proteins bound to the secondary antibody were visualized with 5-bromo-4-chloro-3-indolylphosphate and nitro blue tetrazolium (NBT/BCIP, GIBCO/BRL, Rockvill, MD, U.S.A.).
Antigen profiles of the L3 and lung-stage larvae of A. suum detected on two-dimensional immunoblot are shown in Fig. 1 . Forty-seven antigen spots (spot numbers 1-47) and 13 antigen spots (spot numbers 5, 14, 32, 48-57) that reacted to the pig sera were found in the L3 and lung-stage larvae, respectively. Of these spots, three (nos. 5, 14, 32) were recognized in both the L3 and lung-stage larvae. The estimated molecular weight (MW) and isoelectric point (pI) of several antigens (nos. 1, 15, 33, 43, 52, 56) were as follows: 101 and 5.9 for no. 1, 54 and 4.2 for no. 15, 37 and 7.8 for no. 33, 25 and 6.4 for no. 43, 45 and 6.75 for no. 52, 34 and 5.0 for no. 56, respectively. Preimmune sera reacted to the spots unnumbered.
Urban et al. [19] , Urban and Romanowski [20] showed that drug-abbreviated infections appear to be more feasible and efficient method to elicit the resistance to A. suum in pigs than immunization with larval-derived excretory-secretory products. An ascarid larval migration was protected by feeding with colostrum from egg-immunized sows or by passive transfer of hyperimmune sera [8, 9] . Thus, immune sera obtained by these chemotherapeutically abbreviated infections may be used as a probe for identifying molecules of a vaccine candidate in parasitic diseases [3, 4] . In the present study, we identified 57 antigen spots in larval stages of A. suum by two-dimensional polyacrylamide gel immunoblot with immune sera obtained from pigs immunized by drug-abbreviated infections. Antigens identified in the present study may include the protective antigens against A. suum infections.
In the present study, 47 and 13 spots were identified in the L3 and lung-stage larvae, respectively and 3 of these spots were common in the two stages of larvae. Recently, the identification of stage-specific larval antigens in parasitic nematodes with immunized sera has become a great concern to search for potential vaccine candidates corresponding to protective immune responses [2, 6] . In contrast, migrating larvae of A. suum cause severe damages in a variety of organs such as the lung and liver and subsequently make a verminous pneumonia and milk spots [15] . It was demonstrated that the number of liver milk spots was significantly smaller in the pigs immunized by 3 oral inoculations with infective eggs of A. suum and simultaneously treated with anthelmintic drugs from 6 to 8 days after each infection than that in the control ones [13] . We are currently investigating developmental stages including L2, and adult male and female worms by two-dimensional immunoblot with sera from pigs immunized with A. suum L3.
Recently, protein spots purified from two-dimensional polyacrylamide (2D) gels were successfully used to determine their amino acid sequences directly and their information become available to the molecular cloning of the target proteins [1, 11, 12] . Previously, we reported the successful analytic results of the 14-kDa surface protein in A. suum L3 by excision of the spot from the 2D gel [7] . The approach in the present study may become one of the efficient techniques for identifying target proteins and subsequently leading to molecular cloning. and the lung-stage larvae (B) with sera from pigs infected with A. suum L3. Two hundred µg of each parasite extracts was loaded for non-equilibrium pH gradient electrophoresis/SDS-PAGE then transferred to nitrocellulose membranes. Antigens reacted to pig immune sera were detected with alkaline-phosphataseconjugated protein A (1: 1,000) and NBT/BCIP. Numbered arrows indicate all antigens which reacted to immune sera but not to preimmune sera.
